The aim of this study was to estimate genetic parameters for type traits of hypertrophic Piemontese cows. Seven traditional type trait evaluations (70 to 100 grid scores), 2 body measurements (cm), and 13 linear description traits (1 to 9 grid scores) recorded on 21,757 Piemontese primiparous cows reared in 990 farms were used. Data were analyzed using a multiple-trait (22 traits) animal model with canonical transformation, accounting for a unique design matrix with the following effects: herd-year-classifier, days in milk, age at calving, and the genetic additive cow effect. Heritability estimates of traditional type evaluation traits were low for thorax, rump, feet and legs, and dairyness (≤0.10), intermediate for fleshiness and overall score evaluations (0.13 to 0.15), and medium to high for body size (0.26). Genetic correlations of dairyness with all the other traditional type traits were low (from −0.14 to 0.16), those of feet and legs were moderate (0.19 to 0.44), and the remaining 5 traits were high (≥0.55), with an exception regarding fleshiness and body size (0.28). Medium-high heritability estimates were obtained for withers height (0.31) and trunk length (0.21), with a very high genetic correlation between these traits (0.97). The genetic correlations of body measurements with body size were also very high (about 0.96), high with thorax, rump, and overall score (0.47 to 0.59), and moderate with the other traditional type traits (0.04 to 0.27). Heritability estimates of all linear traits were moderate (0.09 to 0.15), with the exceptions of top line (0.07) and condition score (0.05). Genetic correlations between linear traits were generally low to moderate (from −0.11 to 0.44) with the only exceptions of the 6 fleshiness traits and body condition, which showed very high correlations (0.60 to 0.96). Moreover, skeletal traits as top line, bone thinness, and head scores presented moderate genetic correlations (0.51 to 0.65). Genetic correlations between linear traits and traditional type traits were consistent with the trend observed between type traits. In conclusion, body measurements seem to describe body size better than traditional evaluation or linear descriptors. The genetic correlations among type evaluation and linear description traits suggest the need for a reduction in the number of traits scored, particularly of those relating to muscular development.
INTRODUCTION
The Piemontese breed is the most highly specialized for beef production in Italy. At present, the breeding goal includes station-tested traits on young bulls (Andersen et al., 1981; Albera et al., 2001 ) and progenytested direct and maternal calving performance (Kizilkaya et al., 2002 (Kizilkaya et al., , 2003 Albera et al., 2004) . Despite the extreme beef aptitude due to the mutation of the myostatin gene (McPherron and Lee, 1997; Grobet et al., 1998) , there is still a substantial variation of this breed in some conformation traits, particularly in size and muscularity (Boukha et al., 2007) . Although the myostatin mutation is almost fixed, the present selection scheme differentiates between males of a breeding line, used for replacement production, from a beef line used mainly to obtain terminal stock calves for slaughter. In the latter case, selection highlights heavily muscled animals, whereas in the former case a more careful selection on maternal ability is made. To emphasize the female selection process more, since the 1990s the traditional type evaluation has been integrated with a linear type description of primiparous cows, providing yearly rounds of evaluation. Linear description has also been implemented as a possible tool for establishing a relationship with longevity. Indeed, indirect selection aimed at improving the survival rate in cows has turned out to be feasible when using some type traits in beef (Forabosco et al., 2004) or dairy breeds (Sewalem et al., 2005) . However, problems related to the use of morpho-logical traits as selection tools have been identified in the absence of linearity in some traits (Gutiérrez and Goyache, 2002) . The situation has been further complicated by the fact that the type evaluation of double muscled cattle is not well documented and information on genetic variability in these populations is scarce (Gutiérrez and Goyache, 2002) .
The aim of this study is to estimate heritabilities, phenotypic and genetic correlations between traditional type evaluation traits, body measurements, and linear description scores in the Piemontese hypertrophic breed.
MATERIALS AND METHODS
Data recorded on animals used in this study were obtained following the guidelines given by the Piemontese breeders association to the classifier involved in the morphological evaluation. These guidelines are formulated with respect to Italian legislation on animal care (DL n.116, 27/1/1992) .
Type Evaluation
Records belonging to 34,624 primiparous Italian Piemontese cows enrolled in the national recording system for the morphological evaluation were used in this study. Morphological evaluation is performed annually by trained classifiers and consists in a mixture of different recordings: 7 traditional summary traits (i.e., type traits), 2 body measurements, and 13 traits scored linearly (Table 1 ). The 7 traditional summary traits scored using a 70 to 100 point scale system are the overall score, which summarizes the general appearance of the animal as a deviation from the reference Piemontese cow, 3 different specific aspects of the animal (i.e., body size, fleshiness, and dairyness) and 3 specific body regions (the thorax, the rump, and the feet and legs conformation). All specific aspects and body region scores contribute to the overall score of the cow. The body measurements (i.e., withers height and trunk length), represent another traditional recording of the animal body. At the beginning of the 1990s, a more analytically linear description of the cow was adopted (with a scale based on 1 to 9 scores). The adaptation of the method from the dairy breed to the hypertrophic beef breed was done mainly by substituting the udder traits with the muscle development described at 6 different locations (Table 1) .
Data Editing
Original data were edited and discarded if the age at first calving was less than 22 mo or greater than 38 mo (3,970 records), if scoring was done within the first 10 d from the calving date (595 records), and in the case of incomplete morphological evaluation (85 records). Other data discarded from the initial data set belonged to 
Models
A preliminary ANOVA (SAS Inst. Inc., Cary, NC) was carried out to establish which nongenetic effects could be taken into account in the final model. Results from preliminary analyses suggested the possible use of a multivariate analysis using the same model for all traits. Indeed, due to the great number of traits simultaneously analyzed, a canonical transformation REML method was applied as suggested by Misztal (2008) , limiting the model to a unique design matrix with no missing traits, and estimates of only 1 random effect (Misztal, 2008) . (Co)variance components were estimated using the MTC programs of the BLUPF90 family (Misztal et al., 2002) , and the final model adopted for the multivariate analysis was as follows: y ijklm = HYC i + DFC j + AFC k + u l + e ijklm , where y ijklm is the type score, body measurement, or linear score for cow l, HYC i is the fixed effect of the herd-year-classifier i (2,903 different levels), DFC j is the fixed effect of days from calving j (8 classes from 10 to 50 d after calving and from 51 to 400 d after calving using 50-d intervals), AFC k is the fixed effect of age at first calving k (3 classes: 22 to 26 mo, 27 to 32 mo, and 33 to 37 mo), u l is the random additive effect of cow l, and e ijklm is the random residual term.
In matrix notation, the model can be expressed as
where y is an N × 1 vector, β is the vector of systematic effects of order p, u is the vector of animal effects with order q, and e is the vector of residual effects. Furthermore, X and Z are the corresponding incidence matrices with the appropriate dimensions. The assumptions about the structure of phenotypic variance are as follows:
where G and E are the (co)variance matrices among the 22 traits for the animal and residual effects, respectively; A is the additive genetic relationship among the animals; I is an identity matrix; and Ä is the Kronecker product operator. Due to program limitations, the SE for estimated heritabilities were obtained using the following formula (Falconer, 1989) :
where t is intraclass correlation obtained by (h 2 /4) for paternal half-sib estimates, k is the average number of offspring per sire, and s is the number of sires.
The SE for estimated genetic correlation was obtained using the formula (Falconer, 1989) :
where r g is the estimated genetic correlation between trait 1 and 2, ĥ 
RESULTS AND DISCUSSION
With only few exceptions, all analyzed nongenetic fixed factors accounted for a significant amount of the total variance when analyzed with GLM ( Table 2) . The herd-year-classifier effect was significant for all the traits considered (P < 0.001). Furthermore, days in milk and age at calving were significant for almost all traits (P < 0.001) except for the head and rear legs for the first factor, and feet and legs, loin width and thickness, top line, forelegs and bone thinness for the second factor (Table 2 ). The coefficient of determination ranged between 0.22 and 0.59, and was under 0.40 for 6 linear descriptors (e.g., head, top line, forelegs, rear legs, pasterns, and bone thinness) and for 1 type trait (e.g., feet and legs). For all muscularity traits, the determination coefficient ranged between 0.43 and 0.51, with the result even greater for the overall score and trunk length (0.51 and 0.59, respectively). As expected, the residual mean squares of type traits and body measurement were less than those of linear descriptors if each was compared with the mean value (Table 1) . It is worth highlighting that among nongenetic fixed effects reported in Table 2 (i.e., final model), the season of calving, initially considered as a possible source of variation, was removed because of the considerable amount of common variance with the days from calving effect (data not shown). Indeed, type is scored mostly between January and March each year and, therefore, calving in the same season reflects a similar distance from calving at the time of morphological evaluation.
Heritabilities
Estimates of variances and heritabilities are presented in Table 3 . Analyzing the results for the traditional morphological traits, the most heritable trait is body size (0.26). Similar values of heritability were found by Gutiérrez and Goyache (2002) in Asturiana beef cattle. Interestingly, despite the fact that the mutation at the myostatin locus in the Piemontese breed can be considered to be fixed, there is still a substantial additive genetic variation in fleshiness (h 2 = 0.15), especially if we consider that the value refers to females evaluated in field conditions only once in their life. Moreover, the heritability of the overall evaluation is appreciable (0.13). The other 4 traits exhibited smaller values, especially the dairyness, whose heritability is only equal to 0.03. On the other hand, dairy traits in a hypertrophic beef breed are not easily appreciable, especially in the case of udder conformation. However, nowadays dairyness evaluation is merely a way of preserving the traditional morphological assessment method. Indeed, this trait was well suited for a triple aptitude breed (i.e., work, milk, and beef), but today it is of no use for the current Piemontese breed. The 2 body measurements, as expected, show a rather high heritability, similar to the body size subjective evaluation. In regard to trunk length, similar values of heritability were reported by Veselá et al. (2005) for the body length scored linearly in a study carried out across beef cattle breeds (i.e., 0.20 to 0.25 depending on the model used). On the other hand, heritability values for the height at the sacrum reported by Veselá et al. (2005) were much greater (0.50) than our estimates of h 2 for the measurement of the withers height. Slightly greater heritability values for body length were reported for Belgian blue cows by Hanset et al., 1997 (i. e., 0.31 of h 2 ). In regard to the linear description, 3 of the 6 muscularity traits (wither width, thigh thickness, and thigh profile) present heritability values closer to the traditional type trait (i.e., fleshiness). The other 3 traits (shoulder thickness, loin width, and loin thickness) turn out to be less heritable. In this study, estimates obtained for muscularity scored linearly (heritability from 0.09 to 0.15, Table 3) were less than those obtained previously (heritabilities from 0.26 to 0.55) by Albera et al. (2001) in the Piemontese young bulls. However, Albera et al. (2001) used the data of young bulls performance tested in an experimental testing station, whereas in the present study we have analyzed data from cows evaluated in field conditions. The thigh thickness is the linear type 3 AFC = effect of age class at first calving (3 classes: 22 to 26 mo, 27 to 32 mo, and 33 to 37 mo). *P < 0.05, **P < 0.01, and ***P < 0.001. trait with the greatest estimated heritability in this study (0.15), whereas both linear type traits regarding loins (width and thickness) have the smallest heritability values (0.09). In regard to loin thickness, this trait also exhibited the least heritability in the study of Albera et al. (2001) , although the value obtained on young tested Piemontese bulls was much greater than that obtained in this study (0.26 to 0.34 depending on model vs. 0.09, respectively). Field data on muscularity analyzed in different beef breeds have, in general, reported greater heritability values than those estimated in this study. For example, Norris et al. (2008) estimated 0.27 h 2 for hind round in South-African Charolais cattle, and Hanset et al. (1997) , estimated heritability between 0.36 and 0.41 for thigh muscularity in Belgian Blue cattle. Only data from Spanish Asturiana cattle are closer to results in the current study (i.e., 0.22 heritability for thigh development; Gutiérrez and Goyache, 2002) . However, comparison with other breeds is not always easy because of the different scoring system and, particularly, due to the different definition of the trait among breeds.
Bone thinness and head volume are used as indicators of the incidence of the bone in the carcass and are appreciated by the market and by the farmers. Both these traits exhibited some genetic variability (heritability values of 0.12 and 0.15, respectively). The linear descriptors referring to skeletal directions (top line, forelegs, rear legs, and pastern) are less heritable (between 0.12 and 0.07). In regard to the rear legs, the heritabilities estimated in this study are in the range of values obtained also in different dairy cattle breeds such as Holstein (DeGroot et al., 2002) , Brown Swiss, and Guernseys (Wiggans et al., 2006) . However, the less heritable linear trait estimated is the BCS (0.05). This value is less than that frequently found in dairy (Gallo et al., 2001; Dechow et al., 2003; Dal Zotto et al., 2005 and beef cows (Arango et al., 2002) , but it is evident that in hypertrophic beef animals the amount of fat is always very small and not easily evaluated when carried out once in a lifetime as in the present study.
Standard errors of heritabilities are less compared with the previous study of Albera et al. (2001) and range from 0.012 to 0.020. This may be attributed to the larger data set used in the present study as compared with previous analyses performed on the same breed on performance tested bulls (Albera et al., 2001 ).
Correlations Among Traits
Estimates of phenotypic and genetic correlations between all traits considered are presented in Table 4 . In general, the SE of genetic correlations range from 0.001 to 0.218. The magnitude of SE in this study is in the range of reports of literature for genetic correla- tions estimated between traits measured on bulls during performance testing in the central station (Albera et al., 2001) , and traits measured on their progeny in different environments using field data (Eriksson et al., 2002 (Eriksson et al., , 2003 . Generally, phenotypic correlations are, in terms of absolute values, less than genetic correlations and with few exceptions tend to follow the same sign.
Correlations Between Traditional Type Evaluation Traits
Considering the traditional type evaluation traits, the overall score is positively correlated, both phenotypically and genetically, with the other 6 partial traits (especially with fleshiness, thorax, and rump scores that exhibit genetic coefficients greater than 0.80). The only exception is represented by dairyness, whose correlations are fair with all the other traits (from −0.14 to 0.16).
In this study, fleshiness and body size were not highly correlated (0.28), as found in earlier papers on young performance-tested bulls (Albera et al., 2001 ). This represents an important point for the objective of the selection in the Piemontese breed, which is aimed at enhancing muscularity, but avoiding an excessive increase in body size. However, both body size and fleshiness traits had high correlations with other size indicators, like the thorax (0.69 and 0.76, respectively) and rump (0.58 and 0.56, respectively). Lastly, feet and legs were weakly correlated with the other partial traditional type traits.
Correlations Between the Body Measurements and Traditional Type Evaluation Traits
The 2 body measurements present a high phenotypic (0.64) and a very high genetic (0.97) correlation. As expected, the 2 measures are highly genetically correlated with the thorax and rump scores (genetic correlation between 0.52 and 0.59), and very highly correlated with body size (0.96 for both measurements). However, weak genetic correlation coefficients are obtained for body measurements with other traditional type traits, including fleshiness.
The genetic correlations between the 2 measurements and the linear traits related to muscularity and legs are fair (from −0.17 to 0.24). The only exceptions are represented by the 2 bone indicators (bone thinness and head score), which are both negatively correlated with the body measurements (from −0.42 to −0.62), suggesting that animals with a large frame also show increased skeletal development. Moreover, slightly negative correlations are found between the body measurements and the top line, and particularly between the trunk length and the top line (−0.26). As expected, this correlation shows that an increase in body length leads to a reduction of linear score toward a dipped back line. However, Hanset et al. (1997) reported an opposite correlation for the Belgian Blue breed, for which an increase in the length score was positively correlated (0.32) with an increase in the top line score toward convexity.
Correlations Between the Linear Description Traits
The genetic correlations between the 6 linear fleshiness traits showed, as expected, positive and high coefficients. The greatest values (>0.90) are found between the 2 thigh scores (thickness and profile), between the 2 loin scores (width and thickness), and between the 2 thorax traits (withers width and shoulders thickness), probably reflecting both parts of the same trait from a different viewpoint, as well as highlighting the difficulty of the classifiers to distinguish between the traits clearly. Indeed, the phenotypic correlation between these 3 couples of traits range between 0.64 and 0.65 (Table 4) . Very high correlations between muscularity traits have also been reported by Veselá et al. (2005) , who analyzed young bulls and linear score data of heifers obtained from 12 different beef breeds. In Veselá et al. (2005) , the genetic correlation among shoulder, back, and rump muscling ranged from 0.95 to 0.98. In Belgian Blue cows, Hanset et al. (1997) estimated a genetic correlation of 0.95 between side and rear views of thighs, and of 0.78 and 0.88 between these traits and shoulder muscularity. However, in the same study, genetic correlations were even less than those estimated in our study, particularly when comparing top muscling with thigh, in which case these authors estimated coefficients ranging between 0.55 and 0.61.
Moreover, in our study most of the genetic correlations regarding linear fleshiness scores with coefficients less than 0.90 ranged between 0.60 and 0.87, reflecting the existence of an independent component of genetic variation among muscularity traits. Body condition scores show high genetic correlations with the 6 muscularity traits (from 0.73 to 0.93), much greater than the phenotypic traits (from 0.30 to 0.36). This may indicate that body condition is scored by classifiers which are independent of the fleshiness traits, even if the genetic relationship between fleshiness and fat deposition is stronger than expected in a hypertrophic breed. On the other hand, this result could also raise a question about the actual definition and score method adopted for the condition score in a hypertrophic breed. However, no comparison of this result with other literature is possible.
Other than fleshiness, genetic correlations among the remaining linear traits are much less, apart from the high genetic correlation (0.65) between the 2 bone indicators (head and bone thinness) and the moderate correlations between bone thinness and the 6 linear muscularity scores (from 0.21 to 0.44). Furthermore, a positive association has also been reported between bone thinness and live fleshiness in Piemontese tested young bulls by Albera et al. (2001) . 
Correlations Between Linear Description Traits and Traditional Type Evaluation Scores
As expected, the 6 linear muscularity traits and also the BCS are highly correlated with the fleshiness evaluation score (from 0.78 for loin thickness to 0.98 for thigh thickness) and are highly correlated with the overall score (from 0.63 to 0.84), the thorax (from 0.57 to 0.83), and the rump (from 0.31 to 0.63) regions. Moderately high correlations have been found between the feet and legs traditional evaluation and the linear description of forelegs (−0.61), rear legs (0.57), and pastern (0.64), and between the body size traditional evaluation and both the linear head score (−0.42) and bone thinness (−0.55).
The genetic correlation between the overall traditional type score and linear type score traits are very heterogeneous and range from −0.11 with top line to 0.85 with body condition. Also, Hanset et al. (1997) have reported that the greatest genetic correlations of general appearance score in Belgian Blue cows were with linear type score of shoulder and thighs. Therefore, in both double-muscled breeds, classifiers tended to use linear fleshiness scores as a main tool for the final judgment of the cow.
In conclusion, estimates of heritabilities and genetic correlations obtained in this study indicate that body measurements seem to describe body size better than evaluations or linear descriptions. The evaluation of dairyness does not reflect any significant heritability value or correlation with other important traits. Moreover, for the present Piemontese breed type, dairyness can be considered of no interest for present or future breeding goals. The heritability estimated for linear type scores are generally less than expected, reflecting the low genetic variability of the traits scored or else the heterogeneity of judgments across classifiers. The genetic correlations among type evaluation and linear description traits suggest the need for a reduction in the number of traits scored, particularly of those referring to muscular development, thereby simplifying both the recording process and the procedures for estimating breeding values to be used for cow selection.
